ABSTRACT
RESUMO

A produtividade e sustentabilidade das culturas têm sido frequentemente relacionadas com a matéria orgânica e a biomassa microbiana do solo, especialmente devido ao seu papel na ciclagem de nutrientes do solo. Este trabalho teve como objetivo avaliar a biomassa de fungos e bactérias do solo por microscopia de epifl uorescência e a densidade de esporos de fungos micorrízicos arbusculares (FMAs) em lavouras de cana de açúcar (Saccharum offi cinarum L.) sob diferentes manejos. Foram coletadas amostras de solo de lavouras manejadas com ou sem queima, com ou sem colheita mecanizada, com ou sem aplicação de vinhaça e de matas ciliares adjacentes. As amostras de solo foram coletadas a 10 cm de profundidade e mantidas a 4°C até o momento das análises
INTRODUCTION
Sugarcane (Saccharum offi cinarum L.) was introduced into Brazil in the 1500's, and since then, it has had a crucial role in Brazilian economy. In the season of 2011/2012, the crop occupied 8.3 billons ha of the country area and raised about 20 billons dollars of revenue for the economy in the sugar and alcohol markets (MAPA, 2013) . On one hand, expansion of sugarcane plantations should be constrained by land competition for food production or by legislation demands for forest preservation (CAMARGO et al., 2008 , NOVO et al., 2010 . On the other hand, the role of sugarcane may still increase by increasing its productivity and sustainability in the present agricultural areas.
Crop productivity and sustainability have often been related to soil organic matter (SOM) content due to the contribution of SOM on soil nutrient supply, water hold capacity, soil temperature, soil aggregation and soil microbial biomass (SMB) (BEARE, 1997; KASCHUK et al., 2010) . The soil microorganism activity plays a crucial role in nutrient cycling and nutrient foraging by plant-microsymbionts (CONSTANZA et al., 1997; KASCHUK et al., 2010) , and for that reason, may contribute to increase crop productivity.
Worldwide, and particularly in Brazil, SMB is usually determined by the fumigation-incubation (JENKINSON & POWLSON, 1976) or by the fumigation-extraction (VANCE et al., 1987) methods that measure SMB indirectly from the fl uxes of the C released in fumigated and non fumigated samples. Due to their reliability and robustness, both methods have been recommended for studies relating SBM to soil quality (KASCHUK et al., 2010) . However, a drawback is that neither of them distinguishes the microbial communities, for example, the fungal and bacterial biomass.
It is already known that sugarcane management, which included application of vinasse (a by-product of sugarcane industry) to the fi elds and allowed straw to remain on the land after harvest of green sugarcane, leads to increases in SOM (CANELLAS et al., 2003; 2007) . By knowing the benefi ts of SOM to the SBM and soil nutrient cycling (KASCHUK et al., 2010) , this management could be recommended as sustainable practices for sugarcane production and improvement of soil quality; yet, there is a need of further understanding of the microbial role in these processes. The SBM is greatly affected by the amount of root exudates and plant metabolism. MARCHIORI-JUNIOR & MELO (2000) reported that sugarcane accumulated more SMB than other crops and native forest, despite the fact that sugarcane management is based on high input of pesticides, which imposes a negative effect on soil microorganisms (KASCHUK et al., 2010) . They attributed the difference to the photosynthetic C4 metabolism of sugarcane plants in comparison with C3 metabolism of most crops and native forests (MARCHIORI-JUNIOR & MELO, 2000; KASCHUK et al., 2010) . Furthermore, greater amounts of SMB could be related to shifts in the microbial community composition, such as those observed in the fungal/bacterial ratios in pastures and crops submitted to different rates of nitrogen fertilization and different crop managements (BAILEY et al., 2002; DE VRIES et al., 2006) . A better understanding of the soil microbial ecology would indicate better strategies of crop sustainability.
This study aimed at measuring fungal and bacterial biomass by epifl uorescence microscopy and arbuscular mycorrhizal (AM) spore density in sugarcane (Saccharum offi cinarum L.) fi elds under different managements.
MATERIAL AND METHODS
Soil sampling
The study compared soil microbiological communities in six sugarcane fi elds with different crop management strategies (with or without burning, mechanization at harvest and vinasse application (±100m 3 ha -1
), and native riparian forests in Novo Horizonte and Presidente Prudente, State of São Paulo-Brazil (Table 1) . Soil samples were collected by Krion Agroscience Company during sugarcane cuttings in October and November, 2010, by digging 10cm deep with a spade, cutting straight down a thin slice along one side of the hole. Samples were cleared out of debris, sieved through 4mm mesh sieves and stored in plastic bags at 4ºC until laboratory analyses, but no longer than a month. Each sample represented a mixture of ten subsamples collected randomly in each area. Soil characteristics are displayed in table 2. Arbuscular Mycorrhizal (AM) spore density Spores were extracted from 10g soil subsamples by wet sieving, followed by suspension in water and centrifugation at 3000rpm for 3min, and in sucrose 50% at 2000rpm for 2min (GERDEMANN & NILCOLSON, 1963) . The spores were placed in Petri dishes and counted under a stereoscopic microscope (40X).
Total soil fungi biomass Soil fungi biomass was extracted according to BLOEM & VOS (2004) . At fi rst, a 6g subsample was suspended in 190mL distilled water and blended at high speed for 1min. An aliquot of 9mL suspension was transferred to a 15mL fl ask, gently mixed with 1mL of formaldehyde (37% w v -1
) and left rest for 2min. Twelve mL of the suspension was evenly spread on a microscope slide (previously disinfected with paper embedded in liquid soap and alcohol 96%, dried at 50°C for 2h, and maintained on wet paper). Microscope slides were stained with 50μL of freshly prepared fl uorescent brightener 28' solution (Sigma F3397: C40, H42, N12, O10, S2 and Na2 components; ethanol 50%, 1mg mL -1 ) and placed in the dark at room temperature for 2h. The slides were submerged in distilled water three times for 20min to remove dye excess, and, dried in the dark at room temperature. Finally, microscope slides were treated with a drop of immersion oil, covered with a slip and sealed with transparent nail polish. Hyphae were estimated under epifl uorescence microscope (400X) by the gridline intersection method counting the presence and absence on 100 random fi elds. Length (m g -1 DW) was converted to fungi biomass as outlined by BLOEM & VOS (2004) . Microbial biomass was corrected to dry weight after determination of soil humidity in a second 10g soil subsample.
Total soil bacterial biomass Bacterial extraction and biomass determination was performed as described for hyphae, except that for staining bacteria it was used fl uorescent protein dye 5-(4,6-dichlorotriazin-2-IL) aminofl uorescein or DTAF (solution: 2mg of DTAF dissolved in 10mL of buffer solution [0,05 M Na 2 HPO 4 (7,8g L -1 ) and 0,85% NaCl (8,5g L -1 ), adjusted to pH 9,0]), instead of 28'solution. Total bacteria biomass was also estimated according to BLOEM & VOS (2004) .
Statistical analysis
Data was subjected to one-way ANOVA using general linear model with mixed-effects and unbalanced design, considering each area as one treatment, and compared with the Duncan's test (P≤0.05), by using SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). To comply with ANOVA assumptions, data was previously checked with the Levene´s test.
RESULTS AND DISCUSSION
By using the epifl uorescence microscopy method, we could estimated fungal biomass varying from 25 to 37μg C g -1 dry soil, and bacterial from 178 to 263μg C g -1 dry soil in sugarcane fi elds (Table 3) . Both fungal and bacterial biomass were in the range of the values reported in the literature using the same method (BAILEY et al., 2002; DE VRIES et al., 2006; BUSSE et al., 2009 ). Furthermore, the sum of fungal and bacterial biomass (208 to 301μg C g -1 soil) (Table 3) was very close to total SMB determined elsewhere with the fumigation-extraction method in sugarcane fi elds (MENDONZA et al., 2000; PANKHURST et al., 2005 . This corroborates the fact that fungi, bacteria and archea represent 75-98% of the total soil microbial biomass (KASCHUK et al., 2010) .
Estimation of SMB from microscope observations is a more laborious procedure to estimate microbial biomass than indirect methods such as the usual fumigation-incubation (JENKINSON & POWLSON, 1976) and fumigation-extraction (VANCE et al., 1987) methods, but it allows to distinguish and to quantify fungal from bacterial biomass independently. Molecular methods, like DGGE (Denaturating Gradient Gel Eletrophoresis) and 16S rRNA genes have been used to identify a diversity of fungi and bacteria in different sugarcane soil managements (DINI-ANDREOTE at al., 2010; PISA et al., 2011) , but, these methods do not allow quantifi cation of microbial biomass. This may be the fi rst Brazilian study aiming to quantify soil fungal and bacterial biomass by epifl uorescence from microscope observations in fi elds of sugarcane.
Crop management strongly infl uences soil microbial communities which, in turn, infl uence crop productivity and sustainability (KASCHUK et al., 2010) . Previous studies on annual crops (soybean, maize, etc) demonstrated that crop management affects the C/N relations in the SMB (PEREIRA et al., 2007; HUNGRIA et al., 2009 ). These changes may be related to shifts in microbial composition, particularly the ones related to the abundance of fungal and bacterial biomass (BEARE, 1997; BAILEY et al., 2002) . Indeed, there are studies demonstrating that increases in soil fungal biomass contributes to an increased immobilization of N due to protein storage in hyphae and spores (SIQUEIRA et al., 2010) . In this study, sugarcane fi eld without vinasse application (treatment 2; Table 3 ) lead to a signifi cant decrease on bacterial biomass (below to 200μg g -1 dry soil) in relation to the other treatments (Table 3) . Nevertheless, this result does not suffi ciently support the hypothesis that vinasse application could result in changes in the fungal/bacterial ratio, and for consequence, in the C/N ratio of the SBM.
Spore density of AMF ranged from 9 to 13 spores g -1 dry soil (Table 3) . These values are somewhat higher than usual values found in sugarcane fi elds (REIS et al., 1999; KELLY et al., 2001; DATTA & KULKARNI, 2012) , but spore densities in the magnitude of 10-16 spores dm -3 have been observed in sugarcane rhizosphere in organicrich soils (REIS et al., 1999) . Interestingly, there was no difference between native forest and sugarcane fi elds spore density value (Table 3) . ZANGARO et al. (2000) found that trees in later forest succession stages are less dependent than pioneer tree species in initial phases of succession, meaning that forest in climax are not responsive to AMF root colonization. Similarly, KELLY et al. (2005) studying growth responses of sugarcane to different mycorrhizal spore density concluded that sugarcane is poorly responsive to AMF, although it is unlikely that longterm sugarcane fi elds suffer a yield reduction because of mycorrhizal root colonization.
Another point is that we did not observe differences in spore densities in different sugarcane fi elds, even if there were slight differences in soil chemical characteristics (Table 2) . Other studies carried out in sugarcane fi elds have found positive correlations between soil pH and AM spore density and root colonization (KELLY et al., 2001; DATTA & KULKARNI, 2012; SIVAKUMAR, 2013) and negative correlations between electrical conductivity, nitrogen, and phosphorus contents in the soil (KELLY et al., 2001; DATTA & KULKARNI, 2012) .
Our study design included the most usual sugarcane managements and those were compared to nearby riparian native forests. It is already known that shifting from native forest into cropped systems decreases soil microbial biomass signifi cantly (KASCHUK et al., 2010 . However, we did not observe any signifi cant difference in fungal and bacterial biomass between sugarcane fi elds and native forest soils, except for fi eld number 2 from São José da Estiva Mill (Table 3) . On one hand, sugarcane plantations may have stimulated SMB because of their C4 photosynthetic metabolism, which releases more exudates in the rhizosphere (MARCHIORI-JUNIOR & MELO, 2000; KASCHUK et al., 2010) ; on the other hand, the frequent use of pesticides may have negatively affected SMB (KASCHUK et al., 2010) neutralizing the benefi ts of the root exudates. As a result, total SMB remained unchanged in relation to nearby forests.
CONCLUSION
The use of epifl uorescence microscopy allows for measuring fungal and bacterial biomass distinguishingly in the same range of traditional methods of determination of SMB (e.g. fumigationextraction). Fungal and bacterial biomass determined by epifl uorescence microscopy, associated with other parameters, such as the C/N ratios, enzyme activity and soil biodiversity, and is a promising methodology to understand microbial functionality and nutrient cycling under different soil and crop managements. ----------------------------------------------"São José da Estiva" Mill -Novo Horizonte, São Paulo, Brazil---------------------------------------------- 
